ABSTRACT
INTRODUCTION
Heavy metals cause major problems to the environment and human health; this problem requires an effective technological solution. Heavy metals are a unique class of toxicants that cannot be broken down into non-toxic forms. Heavy metal-contaminated soils have dramatically increased in recent decades as a result of waste and wastewater discharged from anthropogenic sources (Vakili and Aboutorab, 2003) . Using physico-chemical methods such as ion exchange, precipitation, reverse osmosis, evaporation, and chemical reduction can remedy heavy metal contaminated soil; however, these measures require external man-made resources and are expensive. Attention was given to phytoremediation by which plants absorb, transform, and detoxify heavy metals. (Karimi, 2013) . In phytoremediation, plants clean up polluted environments. Plants can help clean up many kinds of pollutants that contain metals, pesticides, explosives, and oil. Phytoremediation takes advantage of natural plant processes and requires less equipment and labor than other techniques because plants do most of the work. Moreover, the site can be cleaned up without digging and hauling soil or pumping groundwater, which saves energy (EPA, 2012) . Phytoremediation has several aspects: phytoextraction, phytodegradation, rhizofiltration, phytostabilization, and phytovolatilization. Phytoextraction involves hyperaccumulating plants to remove contaminants from the contaminated media and concentrate it in their aboveground plant tissues, which is periodically harvested. If disposing metalenriched plant residue as hazardous material is economically feasible, it can be used for metal recovery (Fayiga, 2005) . Phytoremediation technology uses plants to clean contaminated sites and is a promising technology for restoring the environment and ecosystems. The use of spinach for phytoremediation of metalcontaminated soils has been reported in previous studies (Gunduz et al., 2012; Salaskar et al., 2011; Giordani et al., 2005) . Spinacia oleracea is an edible flowering plant in the Amaranthaceae family. It is native to central and southwestern Asia. It is an annual plant (rarely biennial) that grows to a height of up to 30 cm. Spinach may survive over winter in temperate regions. The leaves are alternate, simple, and ovate to triangular-based. It is very variable in size from approximately 2 cm-30 cm long and 1 cm-15 cm broad. The plant has larger leaves at its base and small leaves higher on the flowering stem. Zeamays L is belongs to Poaceae, the plant is often 3 m (10 ft) in height though some natural strains can grow 12 m (39 ft). The stem is commonly composed of 20 internodes of 18 cm (7.1 in) length. A leaf, which grows from each node, is generally 9 cm (4 in) in width and 120 cm (4 ft) in length. Ears develop above a few of the leaves in the midsection of the plant, between the stem and leaf sheath, elongating by ~3 mm/day, to a length of 18 cm (7 in) with 60 cm (24 in) being the maximum alleged in the subspeciesThis study aims to (1) investigate the potential of Spiracia oleracea L and Zeamays L in phytoremediation of Heavy metal contaminated soil with control in Mysuru City, India
MATERIALS AND METHODS
The Phytoremidiation studies were carrying out Industrial wastewater contaminated soil. present study attempts was made to know the behavior of heavy metals in Industriall wastewater contaminated soil, Control soil (Collected in normal agricultural land) and Control crops were collected in normal water irrigated area of Mysuru city to find out tangible phytoremidiation standards and identify efficient local wastewater irrigated crop species for phytoremidiation technique and also, calculate the Translocation factor (TF) and Bio-Concentration factor of selected Heavy metals and plant species to assess the actual remediation.
Sampling, Pre-Treatment and Analysis
The soil and plant samples were collected at different points of the Hebbal Industrial wastewater irrigated zone of Mysuru city, India. The soil and plant samples are collected and dried in sunlight. Soil samples (Root, Stem and Leaves) and plants were dried with the help of oven in the laboratory and then ground in an agate mortar and pestle to pass through a 0.5 mm stainless steel sieve. Then they were stored in polythene containers at room temperature. The plant samples were analyzed for pH and digested by using tri acid mixture and 2ml of aqua-regia has been added to preserve the digested sample and stored in 100 ml distilled container. The digested sample was analyzed for heavy metal concentration by using Inductively Coupled Plasma Atomic Emission Spectroscopy techniques (ICP-AES) by using the PerkinElmer Optima 8000, ICP-OES.
RESULTS AND DISCUSSIONS
According to the geo-accumulation index of heavy metals (Muller 1969) , the soil of the sewage sludge dump site was strongly polluted with Zn; moderately polluted with Mn, Cd, Cr, and Cu; and unpolluted to moderately polluted with Fe, Pb, Co, and Ni. Generally, the heavy metals in sewage sludges are the result of inputs from human activity such as use of fertilizers; human excreta; domestic water from baths and showers; dishwashing, mine drainage, and run-off water from roofs and roads; and industrial wastewaters discharged into the sewers and processed in sewage treatment plants (Aksoy et al. 2005 ; Alloway 2013; Mason 2002). Moreover, some heavy metals such as Fe and Cu could be added to the sludge through the erosion of water pipes that are made of iron and copper (Bramryd 2013 ). In addition, the low pH in the sewage sludge dump site soil often leads to some solubilized soil heavy metals and increases their availability and supply to the plant uptake. Increased availability of heavy metals is reported with decreasing pH in many studies (e.g., Singh and Agrawal 2007; Sukreeyapongse et al. 2002) . Regarding the soil of the reference site, this had an alkaline pH value that is also known to reduce metal availability by enhancing the ability of soil colloids to sorb cations (Sigh et al. 1995) . Concentrations of most heavy metals in tissues of nine plant species in the present study were higher in the sewage sludge dump site than in the reference site. This could be due to the low pH value in the sewage sludge dump soil and its higher soil content of these elements. The results of some research indicated that the land application of sewage sludge increased heavy metals accumulation in plants (Frost and Ketchum 2000; Jamali et al. 2009 ). Moreover, pH plays the strongest role in influencing the enrichment processes in the plant rhizosphere (Feng et al. 2011 ), because a low pH is optimal for metal availability, where the solubility has been shown to increase with a decreasing pH (Nanda and Abraham 2013). In the present study, concentrations of most heavy metals were higher in the root than in other plant tissues; this goes in line with many studies reporting that heavy metals are largely retained in below-ground tissues ( concentrations of most heavy metals were found in the stem (Planquart et al. 1999 ). Uptake of heavy Metals by Plant Soluble metals can enter into the root symplast by crossing the plasma membrane of the root endodermal cells, or they can enter the root apoplast through the space between cells. While it is possible for solutes to travel up through the plant by apoplastic flow, the more efficient method of moving up the plant is through the vasculature of the plant, called the xylem. To enter the xylem, solutes must cross the Casparian strip, a waxy coating, which is impermeable to solutes, unless they pass through the cells of the endodermis. Therefore, to enter the xylem, metals must cross a membrane, probably through the action of a membrane pump or channel. Once loaded into the xylem, the flow of the xylem sap will transport the metal to the leaves, where it must be loaded into the cells of the leaf, again crossing a membrane. The cell types where the metals are deposited vary between hyper-accumulator species The lower concentration of pH of the polluted soil samples shows the indication of mobility of the metal ion. Even in the crushed part of the plant were also analyzed to determine the concentration of accumulated metal from the polluted soil environment. The whole plant body was having low pH, it's a plant inner modification to uptake the minerals and nutrients for the photosynthesis process. All the metal ion in the soil would not be uptake by the plant, but most of the essential ion will be moved to the plant. Even this phenomenon also very useful to transform the metal and remove the metal from polluted soil. These results shows the analyzed plants are good accumulator of heavymetals. By using these plant species up to certain extent toxic heavy metals could be removed from the polluted soil. Lead and Cadmium are the two toxic heavy metal even at the low concentration for the living systems. Zinc, Chromium and Copper are the essential micro nutrients for the proper growth of the plant species. But these micro nutrients should not reach higher concentration, coz it may lead to death of the plants. Hence for the removal or transformation of these toxic heavy metal , phytoremediation technique can be used. The metal concentration, transfer and accumulation of metals from soil to roots, stem and leaf was evaluated through Biological Concentration Factor (BCF). BCF is an index of the ability of the plant to accumulate a particular heavy metal with respect to its concentration in the soil. Translocation Factor (TF) was described as ratio of heavy metals in plant shoot to that in the plant root. The TF value will be higher for those plants which retain the metal in roots without translocation to aerial parts of the plant body. All the examined heavy metal like Copper, Iron, Nickel, Lead and Zinc are shown a superior result in between 40 to 60 respective days time duration with respect to all crops except lead shown below detectable limit in soil. 
CONCLUSION
In this study, it has been found that, Spiracia oleracea L and Zeamays L plant species were more effective in accululating certain metals compared to other species grown at the contol soil. The results indicated that most species grown at the Industrial site are enriched with heavy metals relative to those at the reference site, which suggests that the sludge could not be used as an organic fertilizer particularly for food crops. In the present study, establishing a pattern of translocation of heavy metals from the root to the shoot of plants can be very useful in biological monitoring of heavy metals contamination as well as selection of heavy metals accumulator species. Zeamays L is considered a hyperaccumulator Iron and clearly indicates that they are better able to accumulate heavy metals and are therefore more suitable for phytoremediation purposes.
